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This invention relates to tubular heat exchanger and,
more particularly, to a steam genervator having its steam
generating and superheating components disposed wlthin and
upright elongated cireular row of steam generating tubes
embraced by 2 cylindrleal metal casing or pressure shell,
the easing and tubes being In heat conductive contact but
dlsconnected from each other except for belrng suspended
from a common support at thelr upper ends which support
is, 1n turn, suspended from an elevated support framework.
The invention is further directed to a method of erecting

such a steam generator.

The lover portions of the tubes forming the circulapr
row are covered with an immer lining of refractory material,
preferably built of refractory shapes, formlng a combustion
chamber in which the heatling gases for the steam generator
are produced. Certaln of the tubes have thelr lower ends
bent radially inwardly, dowrwardly, and then radlally
outwardly for connectlon into an annular header supplied
with water by downcomers comnected lnto a horizontal steam
and water drum suspended from the framework at the upper
end of the generator and projecting outside the casing at
each erd, the downcomers being ouiside the casing. The
Inwardly bent ends of the tubes support the refractory llned
floor of the combustion chamber, wlth the bends at the
inner ends of the radial tubs portions definlng an opening
iInto a slag tank receiwving slag from an axlal opening in
the floor. The bent secHons of the tubes aet as cantilever
supports with the bending moments being absorbed at the
annular header. The wpper ends of all the tubes of the

bank are connected into the drim, and the lower ends of
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those tubes not bent radially lnwardly are comected

directly into the annular header.

The bottom floor of the combustlion chamber i1s sealer.
4 To effect such sealing while providing for differential

expansion of the bent tube ends, V-shape metal plates are
placed betweon adjacent tubes and welded thereto at their

outer edges.

8 While the novel features of the steam generator are
of general utility in the gteam generating field, they

are particularly adapted to use in a vertical synthesis

gas reaction unit, or a coal gasifier, Incorporating the

12 steam generator to cool the product gases by utilizing heat
extracted therefrom to generate steam elther for use in the
synthesis gas reaction or for other uses. 1In the synthesis
gas reaction, a mixture of pulverized carbonaceous fuel

16 (coal) wilth steam and commercially pure oxygen, or alr, with
the oxygen or air belng in an amount insufficlent to support
complete combustion of the fuel, is burned in an exothermilce

reaction to ralse the temperature of the reactants to a

20 value hizh enough to support a subsequent endothermic
reactlon in which the reactants combined to form the synthesis

gas.

A feature of the lnvention is the wmethod of erect-
24 ing the reaction wnit. In this methed, the steam and water
drum 1s first suspended from an elevated part of a supporting
struetural framework. Next, a heavy circular ring, forming

the common support for the circular row of tubes and the
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cylindrical casling or shell, is suspended from the framework.
The cireular row of tubes 1s then suspended from its

support, and the other tubes and comnected elements assembled
in position. Finally, the casing 1s assembled by flrst
connecting an upper section and the top head to the

support ring, and then preceeding section by sectlion down-
ward to the lower end of the casing, the latter helng
completed by assembly of the bottom head thereto. The

dovwncomers are covered with heat insulating refractory.

For an vnderstanding of the invention principles,
reference 1s made to the following description to a typical
embodiment thereof as 1llustrated in the accompanying
drawings. In the drawings:

Filg. 1 is an axial sectionzal view through a vertic-
ally disposed, cylindrical atmospheric pressure pulverized
coal gasifier unit incorporating the steam generator of the
invention;

Figs. 2 and 3 are enlarged axlal sectional views of
respectlively, the upper and lower ends of the gasifier unit;

Figs. 4 and 5 are enlarged part elevation and part
axial sectlonal views of the upper and lower ends of the
unit, the views being at right angles to those of Figs. 1,

2 and 3;

Figs., 6 and 7 are dlametrlic sectional vievws on the
correspondingly numbered sectlon lines of Fig. 13

Pig. 8 i3 a greatly enlarged partlal sectional view
11lustrating the suspension of the cylindriecal tube hank

and its encloslmg casing;

L3
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Fig. 9 is a greatly enlarged partial diametric

gectional view of the bube bank and casing;

Fig. 10 is a vertlcal sectlonal view, on the line

4 10-10 of Fig. 3, illustrating the floor sealing constructlon:

Fig. 11 is a top plan view of the steam generator;
Fig. 12 1s an enlarged axlal sectlional view of the
slag outlet;
8 _ Fig. 13 1s a diametric sectlonal view, on the line
13~13 of Flg. 1, illustrating a soot blower arrangement;
Fig. 14 1is a sectional view on the line 14-14 of
Fig. 13 illustrating a soot blower support;
12 Fig. 15 1s a top plan view, partly in section,
corresponding to Flg. 14;
Flgs. 16, 17 and 18 are partial elevation views
illustrating the method of erecting the steam generator;
16 Fig. 19 iz an elevation view of the cylindrical
casing of the steam generator; and
Pig. 20 is & diametric sectionmal view on the line
20-20 of Fig. 19.

20 Referring teo Fig. 1, the synthesls gas reaction unig,
or coal gasifier'IB Incorporating the steam generator
embodying the novel features of the lnventlon, 1s suspended
: from cross beams 11 of a structural steel framework 10

E 24 ineluding colvmns 12 and other beams 13 supporting beams 11.
| 'Rods 14, adjustably secured to depend from heams 11 as
indicated at 16, have clevises 19 on thelr lower ends
hingedly connected to upright elongated plates 20 by means
ng of pins 18 as best seen in Fipg. 8,
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Plates 20 extend partiazlly through radial slots in
the periphery of an upper dished head 21 having a layer of
insulation 22 on its outer surface. The lower end of cach
bar 20 has a substantlally rectangular notch 23 fitting a 7
heavy annular ring 25, the bars 20 being welded to ring 25
as indicated at 24. Ring 25 serves as the common connectlon
and suspension means for an elongated upright cyliﬁdrical

outer shell 30 enclosing  an upright clreular row of steam

-generating tubes 40. Ring 25 also supports head 21, whose

rim 1s welded to ring 25 as indlecated at 26.

Casing 30, which has an outer layer of insulation
31 thereon, is secured at its upper end to ring 25 by weld 32
and is thus suspended from the ring. Plates 27 welded to

the under sdges of ring 25 at substantially 4° centers

‘therearound and have holes receiving pins 28 in clevises 33

on rods 34. The lower ends of rods 34 have plates 36
welded thereto and secured to plates 35 by pins 29. Plates
35 are contoured for welding to ilnwardly curved portlions of
tubes 40, so that these tubes, comprising the circuiar TOW
enclosing the main portion of the unlt, are thus suspended
from ring 25. As casling 30 and tubes 40 are Ilnterconnected
only at their upﬁer ends through ring 25, the casing and
tubes may expand downwardly independently of each other.

The irmer surface of casing 30 is in heat conductive
contact wlth tubes 40 so as to malntaln the casing and tubes
at substantially eguzl temperatures to minimize differential

expansion.
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Caging 30, as deseribed more fully hereinafter, is
preferably formed of arcuately bent sections of 1/2%" steel

plate, the sections preferably extending through arcs of

4 120° and belng welded to each other with the vertical
seams of vertically adjacent sectlons preferably staggered
circumferentially of the casing. Casing 30 is designed to

withstand a pressure of 130 psig.

i
|
1
1
1

8 Support for casing 30 and tubes 40 is also provided

by steam and water drum 50 which 1s supported from beams 11

by U-shape hangers 51 and projects through casing 30 at
ﬁ each end as seen in Fig. 4. The projecting ends of the
1z ‘ drun 50 are covered with insulation #®. As the upper ends
pf tubes 40 comnect into drum 50, the drum alse aséists in

supporting the suspended cylindrical tube bank.

The tubes 40 not only laterally enclose the steam

; 16 generating and superheating components but also form the

:i lateral and bottom walls of a combustion chamber 45 which

; supplies the heating gases for the sieam generator. 1In the
particular example selected for illustration, the heating
20 gases comprise the hot products of a synthesls gas reactlion
: of congtituents introduced into chamber 45. More specifilcally,
the synthesis gaé comprises CO and Ho produced by the
reaction of pulverized carbonacecus fuel, steam, and alr oy
24 commerclally pure oxygen introduced into chamber 45. The air
or oxygen, which is supplied in an amount less than reguired

for complete combustion of the fuel, 1s used for combustion

of the pulverized carbonaceous fuel in the presénce of steam,

2g this combustion belng an exothermlc reaction to railse the

S
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temperature of the reactants to a level at which a succeeding
endothermic reaction will occur to form the synthesis gas
as the hot geses pass over the steam generating and super-
heatlrng sectlons of the steam generator and are cooled

thereby.

The lateral walls of the furnace or combustion
chamber 45 are provided by Bullt up refractory linings on
the lnner surface of tubes 40, supporied from the furnace
rloor and extending over substantlally half the height of
fhe tube row., The Ilining is indlcated as comprising three
layers 41, 42 and 43 which are built up of refractory shapes.
The layer 41 lmmediately against the circumferentially
substantially contiguous studded tubes 40 may comprise
4 1/2 inch thick refractory shapes and extends substantially
the full height of furnace 45. The intermediate layer 42
may comprise 9 inch thick refractory shapes and extends
the full helght of furnace 45 and overlaps the upper end
of layer 4l. The inneﬁmost layer 43 may also comprise 9 inch
thick . refractory blecks, and extends for substantially
half the helght of furnace 45.

Referring to Flgs. 3 and 12, the refractory lined
furnace flcor 1z provided by hending the lower ends of
alternate tubes 40 radially inwardly and slightly downwardly
as 1ndicated 4%t 44. The intermediate tubes are cormmected
into a lewer anmular header 55 or into an arcuate stub
header 56 connected at each end into header 55. The immer
ends of bent sections 44 are curved downwardly and radially

outwardly, forming bights 46, for comnection into header 55.
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Az the bent portions of the alternate tubes 40 approach the
axls of the unit, they converge toward each other. To
accomodate such conversion and to permit the radially
innermost ends or bights of the bent sectlons to be
substantially contlguous, every other alternate tube 40 1s
curved downwardly and laterally outwardly for commection
into header 55, as indicated at 47 at a point intermediate
the header 55 and the bights 46 in bent tube ends 44.

The downwardly curved innermost ends 46 of tubes 40
have welded thereto a peripherally notched flange 37 to the
immer edge of which is welded an outer cylindrical ring or
band 38 welded at its bottom, to an lmmer cylindrical ring
or band 48 spaced from band 38 except at the weldedconnection

therebetween. 3ing 48 defines a large diameter slag passage

'communicating with a small diameter axial slag outlet 49 of

furnace 45. Band 38 freely telescopes inte an angular
ammulus 67 welded to the upper end of an outer, relatively
thick metal shell 54 having an inner, relatively thin metal
shell 53 supported in concentric, cireumferentially spaced
relation therewlth by a relatlvely heavy flange 59 welded
to the bottoms of shells 53 and 54. Outer shell 54 1s
welded into an aklal opening 1in the lower dished head 64

of casing 30, and inner shell 53 further deflnes the slag
passage leading into a slag quenchlng and coollng tank or
contalner (not shown). A water inlet connection 68 is
connected to the space between shells 53 and 54, it being
noted that shell 53 1is of less helght than shell 54 so as to
provide a gap between the annulus 67 and the upper end of
shell 53.
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A helical coil 56 is mounted on an angular annulus
3§ welded to the upper end of ring 48 and is supplled with
cooling water. It will be noted that this hellcal coil is
substantially frusto-conical so that 1ts upper and smaller
diameter ewd defining slag outlet 49 is substantially above
the level of the furnace floor 57. The upper runs of the
inwardly bent ends of tube 40 are studded for supporting
the refractory lining of the furance floor. In operation,
an annular pool of slag accumulabes on floor 57 up to the
level of outlet 49, thus serving as some protectlon for

the refractory lining of the floor.

A slag knocker 58 1n the form of a water cooled
tube having an wpward arch section 1s mounted lmmediately
beneath slag outlet 49, with_the arch sectlon being
ostillatable about the axis of the unbent portions of the
tube which extend ecoaxlally in diametrically opposite
directions throuwgh rings 38 and 48, one unbent portion beling
extended outside casing 30 ag seen in Fig. 3, for oscillation
of the slag knocker, At one limit of the oseillatlion, the
slag knocker 58 abubts a water cooled tubular stop 69
conmected to a spray ring 60 supplied with sultable cooling
fluld as 1s also hellcal coll 61. Stop 69 has a channel
74 secured In embracing relatlon thereon and having serrated

edges for dislodging slag from knocker 58.

It is deslred that the furnace floor 57 be completsd
sealed. Therefore, a metal sealing means must be provided
between the bent ends of tubes 40 az these converge toward
each other. This introduces the problem of compensating

for expansion of the tubes 40.  Heferring to Filg. 10, the
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expansion spaces between the tubes 40 are sealed by plates
65 bent radially to form a vee and havling their outer
edges welded to adjacent tubes 40 as indicated at 66.
These bent plates are sultably cut to fit the spaces
between tubes 40 and to accomodate tube bights 47 during

expanslon and contraction, bent to maintaln the - sealing of

tﬂe floor 57.

Water 1s supplied from drum 50 to anmular header 55
by downcomers 62 comnected at their upper ends into the
outer ends of drum 50, and covered with insulation. The
lover ends of downcomers 60 are comnected to header 55 at
uniformiy clrcumferentially spaced lntervals by means of
bent tubes 63, The tubes 63 may be suitably enclosed in
an insulated casimng section 89 and extend through thermal
sleeves 95 in head 64.

Portiong of the tubes 40 defining the furnace or
combustlon chamber 45 are suitably bent, at uvniformly spaced
intervals around the éircumference of the combustion
chamber, %o form openings for burners 70 for introducing the
reactants into chamber 45, and for gas burmers 71 which may
be used to bring the furnace up to its operating temperature.
The tubes 40 are also suitably bent to provide access
openings 72 c¢losed by refractory filled doors 73. The
spaces defined by the outer surfaces of adjacent tubes 40
and the imner surface of casing 30 are packed with refractory

109 as best seen in Fig. 9.

The portions of tubes 40 forming the lateral wall
of the unit above the furnace or combustlon chamber 45
generate steam by radlant heat absorptlon from the hot react-
ants.leaving chamber 45. In additlon to their outer-wall-

forming function, the tubes 40 also define the major gas pass
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75 containing the boller tube banks and superheater of the
steam generator. These tubes, in the specific example
selected for illustration, may be 3 1/4 inech 0.D. tubes

L which are fully studded wherever they are in contaet with
a refractory lining and are substantially contiguous cir-
cumferentially to at least the upper end of the refractory

lined furnace 45.

8 A short distance zbove the upper end of furnace 45,
alternate tubes 40 are bent lnwardly from opposite sldes of
the unit, as indlcated at 76, and then vertically upward to
form parallel vertical walls defining the transverse gas

12 pass 75 in which are dispesed the steam generating and
superheating sections of the steam generator. The vertical
tube portions 77 comprise 4 1/2 inch 0,D. dilameter tubes whicp
are swaged to form the 3 1/2 inch 0.D. tubes 40. The bottom
16 wall of gas pass 75 is formed by inwardly and upwardly
exténﬂing 4 1/2 ineh 0.D. tube sections 78 which are swaged
po 3 1/2 inch 0.D. at their lower and outer ends for connection

into wall tubes 40. A plastic refractory liming 79 is placed

20 over the bottom tube sections 78, and the wpper and inner
ends of these tube sectlions suppeort a relatlvely thick
refractory wall 81, The upper and lpmer ends of tube
sectlion 78 are swaged to 3 1/4 inch 0.D. for connection to
24 sereen tiubes 82. Tubes 82 are spaced on approximately é inch
centers to form a vertlcal screen at the entrance to gas
pass 75, as best seen in Fig. 4, and the upper ends of
tubes 77 are swaged to 3 1/2 inch 0.D. for comnection into

28 drum 50. Screen tubes 82 are also comnected lnto drum 50, as

are the upper ends of the tubes 40 continued along the inside

:
; of casing 30.
1
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The upper ends of these latter tubes are bent
radially imwardly and at a slight upward angle to commect Into

drum 50 and are covered with a layer of refractory 83 to form,

Immediately above the tube sectlons 78, the tubes 40
continued along the inside of casing 30 are bant outward, as

at 86, to provide a side outlet leading to economlzer 80.

The steam generating sectlion includes a lower drum
85 connected by bainks of tubes 87 to upper drum 50. The
drums 50 and 85 are vertically aligned but offset somewhat
from a diameter of casing 30. Drum 85 has an access opening
or manhole 84. Theré‘are two boiler tube banks formed
by generally upright tubes 87. A1l of the boiler tubes are
2 1/2 outside diameter tubes arranged in rows spaced 6
inches apart center to center, with the tubes in each row
being on 4 inch centers. The front boller tube bank
comprises 10 rows each having 22 tubes, and the rear boiler
tube bank comprises 11 rows each having 22 tubes, with there
beiﬁg a vertical space between the two banks. Lower drum
85 abuts ageinst refractory wall 81, and some of the tube
sections 77 are bent outwardly to enelose the outer ends
of the lower drum, as shown 1n Fig. 7. Those portions of
the walls formed by itubes 77 adjacent the boller tube banks
are covered with an outer layer of refractory, as lndicated
at 91. The tubes 77 in advance of the boller tube banks
and ad]acent superheater 90 are completely covered with

refractory, as indicated at 92.
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Saturated steam from drum 50 is dellvered from a
saturated steam line 882 to the inlet heater 93 of super-
heater 90. This is a pendant type, parallel Tlow superheatey
comprising 2 inch 0.D. tubes 94 comnected into heater 93
and 1 1/2 inch 0.D. tubes 96 connected into superheater
outlet header 97. The lower end of the superheater 90
extends to é'péint adjacent refraétory wall 81, and this
sectlon of the superheater comprises an elongated multiple
slnuous loop. The tubes connected dlrectly into outlet
header 97 form a shoriter loop adjacent the upper end of gas
pass 75. A superheated steam line 98 dellvers superheated
steam from outlet header 97 to a flanged steam supply
comnection 99 outside the shell.

The hot gases from furnace 45 flow upwardly and to

the left, as viewed in Fig. 1, being deflected by the

lower wall of gas pass 75. They then turn and flow

between screen tubes 82 and along gas pass 75 across the
tubes of superheater 90. The somewhat cooler gases then
flow along pass 75 through the two boller tube banks,
s#eeping over the under surface of drum 50 and the upper
surface of drum 85. The further cooled gases then flow
through the outlet of gas pass 75 formed by the bent out

tube portions 86.

Comnected to thils outlet is a converging conduit
sectlon 100 directing the gases to economlizer 80. Condult
gsection 100 is wmade up of insulating casing sections 101,
102 and 103 interconnected by expansion Joints 104 and 105.
An expanslon joint 106 connects section 103 to the upper
end of an insulated casing sectlon 107 enclosing economizer

80. The economizer comprilses four {4) horizontal tube barks
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108 each comprising 2 inch 0.D. tubes extending transversely
of easing 107. AlL except the second highest section 108
comprise 11 rows of horlzonmtal tubes having a vertleal
spacing of 3 inches, with there beilng 15 tubes in each row
at a lateral spacing of 3 1/2 inches. The second highest
gsection 108 comprises 12 rows of tubes wilth a vertical

spacing of 3 inches, with each row having 15 tubes on

4 water supply pilpe 110 dellvers feed water to the
lower header 111 of economizer 80, and heated feed water
from upper header 112 is delivered through a control valve
113 to a feed water line 114 connected by a valve 115 to
drum 50. Water from drum 50 flows into drum 35 through riser
tube 87. The water also flows through downcomers 62 and
pipes 63 into smnular header 55 and its connected stub
header 56, where 1t is supplied to the lower ends of water
wall tubes 40.

Bome heat is extracted from the hot slag falling
through slag opening 49. Other heat 1s absorbed by the
exposed portions of wall tubes'ﬁgLabove furnace 45 to
generate steam in these tubes. Steam 1ls also generated in
the baller tubes 87 commecting drums 50 and 85. Sultable
steam and water separating means may be incorporated in
drun 50 so that only saturated steam is dellvered to line
Agég The outlet temperature of superheated steam from
header97?, in the specifie embodiment illustrated, is
approximately 600 F.
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The reactants leaving economlzer 20 are cooled
substantially to a stabilizing temperature and are then
processed as desired, The steam from connection 99 may be
used in the coal gasification process or may be used other-

wise.

In the gasification of coal to form synthesis gas,
there is a carry over of soct through the stesam generator,
resulting in scot deposits zccumulating on the heat exchange
surfaces. For efficlent extraction of heat from the gases
sweeping over the tube surfaces, the soot deposits must be
perliodically removed before they have bullt up to any
substantiel depth. For this purpose, socot blowers 120
are mounted in gas pass 75, at the locations indicated in
FPig. 1, a typlcal mounting of & soot blower being illustrated

in Figs. 13, 14 and 15.

To position the soot blower, a2 short plece of heavy
walled pipe 116 1s welded te casing 30 concentric with an
opening in the casing having a diameter substantlally equal
to the I.D. of the plece of pipe. This openlng is so located
that soot blower 120 may be posltioned as to dislodge soot
from a selected hank of tubes, such as the tubes 96 of
superheater 90 1n the speclfic illustration of Figs. 13,

14 and 15. The wall tubes 40 and gas pass defining tubes
77 may be sultably bent out of line to form openings for

the soot blower.
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Apertured support members 117 are welded to spaced
entrance tubes 87 of the first boiler bank, with their
apertues 118 substantially coaxlal with plpe 116, Soot
plower 120 is then inserted through pipe 116 and supports
117 and positiqned so that its ndézzle or dlscharge openings
120mére directed toward superheater tubes 96. The soot
blower is secured in pesition by sultable coupling means,
generally indicated at 122 and cooperable with pilpe 116.
In operation, steam or air discharged from nozzle openings
121 toward tubes 96 dislodges soot acowmdations from the
latter.

A feature of the iunvention is the method of
erecting the unit as illustrated in Figs 16 through 20.

After the framework 10 has been erected, drum 50 is suspended

welded therete, is suspended from the beams by rods 14.

The tubes 40 are then supported from ring 25 by rods 34

and connected into drum 50, after which the boller pass
tubing and superheater tubing 1s erected. The boiler pass
tubing is commected into lower drum 85 supported on the
portions of tube_40 forming gas pass 75, and the superheater
tuping is connected into its headers whieh are supported

from tublng 40.

After the assembly of the steam generator has
been completed, the casing 30 1s erected. Casing 30
comprises four vertically adjacent sections or rings 30-1,
30-2, 30-3, and 30-4, each formed of three horizontally

arcuate plates 130, Each plate has an arcuate extent of
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substantially 120°. The plates 130 of the top ring 30-1

aTe first suitably cut to form openings 131 for the projectin
erds of drum 50. These top plates-are then welded to ring 25
by welds 32 (Fig. 1) and the circumferentlally adjacent
edges are butt welded. At the openings 131, the plates are
welded to drum 50, preferably to metal annull welded in
embracing relatlon on the drum édjacent its ends. The

rings 30-2, 30-3, and 30-4 are then successively assembled

bottom edges of the ring next zbove and then butt weldlrg

the circumferentlially adjacent edges of their plates 130 to
each other. Finally, the cuclosure is completed by welding
bottom head 64 to the lower edge of ring 35-4. The
downcomers 62 are then comnected to the header 55 by tubes 63
extended through thermal sleeves 94 in head 64, The
superheater outlet connection 99 may be made through a

thermal sleeve {not shown) in top head-21.

Whille a épecifc embodiment of the invention has
been shown and described in detall teo 1llustrate the
application of the invention princlples, it will be under-
stood that e lmwention may be embodled otherwlse without

Geparting from such princlples.
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The embodiments of the invention in which an
exclusive property or privilege is claimed are defined as

follows:

1. In a synthesis gas reactor, an upwardly extend-
ing cireular row of steam generating tubes; a cylindrical
metal casing laterally enclosing sald tube row; a supporting
framework; a support means interconnecting the upper ends of
said tubes and said casing; means suspending sald support
means from sald framewdrk, whereby said casing and said
tubes may expand downwardly independently of each other; a
refractory-lined reaction chamber enclosged within the lower

portion of said row of tubes, the lower ends of the tubes of

sald row beilng connected into an annular header, with alternaﬁe

|
i
i
i

tubes belng connected directly into sald header and the inter%

mediate tubes between sald alternate tubes being bent radially

inwardly, above sald header, and then radially outwardly into
sald header to form, with the alternate tubes, cantilever
truss supports for the refractory lining of the floor of sald

chamber, wlth the bending moments being absorbed at sald

header, the bights of inwardly bent intermediate tubes defining

a slag passage having a dlameter not greater then one-half
that of said eireular row; and burner means for introducing
a mlxture of puléerized fuel, steam and an oxygen-containing

gas into said chamber.

2. In a steam generator; an upwardly extendlng
eireular row of steam generating tubes; a cylindrlcal metal
casing laterally enclosing sald tube row; a supporting frame-
work; a support means Interconnecting the upper ends of said
tubes and seald casing; means suspending sald support means
from sald framework, whereby said casing and sald tubes may

expand downwardly lndependently of each other; and a
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refractory-lined combustlion chamber enclosed within the loweri
portion of said row of tubes, the lower ends of the tubes
of gaid row being connected Iinto an annular header, wlth |
alternate tubes being connected directly into sald header and}
the intermediate tubes between sald alternate tubes being ‘
pent radlally inwardly, above said header, and then radially |
outwardly inte said header to form, wlth the alternate tubes,%
cantilever truss supports for the refractory linlng of the |

floor of sald chamber, with the bending moments being absorbed

at said header, the bights of inwardly bent lntermediate tubeé

defining a slag passage having a diameter not greater than

one-half that of said circular row.

3, In a steam generator, an upwardly extendlng i
cirenlar row of steam generating tubes; a cylindrical metal
casing laterally enclosing sald tube row; a supporting frame- |
work; a support means interconnecting the upper ends of sald |
tubes and sald casging; means suspending sald support means
from sald framework; whereby sald casing and said tubes may
expand downwardly independently of each other; a refractory-
lined combustion chamber enclosged within the lower portion of
sald row of tubes, the lower ends of alternate tubes of !
sald row having radially inwardly extending bends supporting
the refractory 1£ning of the floor of sald chamber; and
flexible metal plate means closing the spaces between adjacent

bends and secured to the latter to seal sald floor.

- 4. In a synthesis gas reactor, an upwardly
extendiné circular row of steam generating tubes; a cylindri;i
eal metal casing laterally enclosing said tube row; a support%
ing framework; a support means intercommecting the upper endsi

|

of =said tubes and said casing; means suspending said
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support means from said framework; whereby said caslng and ;
said tubes may expand downwardly independently of each %
other; a refractory-lined reaction chamber enclesed within i
the lower portion of said rowof tubes, the lower ends of %
alternate tubes of sald row having radially inwardly extgndiné
bends supporting the refractory lining of the floor of said i
chamber; flexible metal plate means closing the spaces j
between adlacent bends and secured to the latter to seal :
said floor; and burner means for introducing a mixture of

pulverlized fuel, steam, and an oxygen-contalning gas into

sald chamber..

5, In a synthesis gas reactor, an upvardly extend-
ing eircular row of gteam generating tubes; a cylindrical
metal casing laterally enciesing said tube row; a2 supporting ;
fromevwork; & support means interconnecting the upper ends of :
sald tubes and said casing; means suspending said support }
means from said framework, whereby said casing and said |
tubes may expand dowpwardly‘independently of each other; a
refractory-lined reaction chamber enclosed within the lower !
portion of said row of tubes, the lower ends of the tubss of {
said row belng comnected into an annular header, with usome ﬂfi
said tubes belng connected dlrectly into sald header and othef
of said tubes béing bent radially inwardly, above said headef,
and then radially outwardly into said header to form, with :
sald first named tubes, supports for the refractory lining of;
the floor of sald chamber, with the bending moments being J
absorved at said header, the bights of said inwardly bent
second named tubes definlng a slag passage from saild reaction
chamber; and burner means for introducing a mixture of pul-

verlzed fuel, steam and an oxygen-contailning gas into said

0
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6. In a steam generator, an upwardly extending
clrcular row of steam generating tubes; a cylindrical metal
casing laterally enclosing said tube row; a supporting frame-
work; a support means interconnecting the upper ends of said

tubes and sald casing; means suspending said support means

“from sald framework; vhereby sald casing and sald tubes may

expand downwardly from sald support means independently of
each other; a combustion chamber encloged within the lower
portion of sald row of tubes, the lower endsg of some of sald

tubes of sald row having radially inwardly extending bends

supporting the floor of said chamber; and flexlble metal

plate means closing the sbaces between adjacent bends and

secured to the latter to seal said flobr.
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